Abstract 3-Styrylcyclohex-2-enones (3a-d) are cyclized photochemically to 2,3-dihydro-1H-phenanthren-4-ones (4a-d). The corresponding phenanthren-4-ones with a methoxy group at C-5 (opposing the carbonyl at C-4) are not formed.
Introduction
In connection with our interest in the total synthesis of the angularly condensed angucyclinones, 1, 2 we were interested in convenient ways for the synthesis of dihydrophenanthrenones, which have essential structural elements in common with the angucyclinones. As model compounds we selected substituted 5,5-dimethyl-3-styrylcyclohex-2-enones (3) and investigated their photochemical cyclization to 2,2-dimethyl-2,3-dihydro-1H-phenanthren-4-ones (4) . Whereas the photoisomerisation and oxidative cyclization of stilbenes to phenanthrenes is a well known process (reviews: 3, 4 ), the photochemical behavior of the phenylsubstituted dienones such as 3a-e has not yet been investigated in detail. As required for the photocyclization of stilbenes, a trans/cis-photoisomerisation has to precede the photocyclization reaction.
Results and Discussion
The starting material 3a was prepared employing a Heck reaction of the styrenes 1a with 5,5-dimethyl-3-chlorocyclohex-2-enone (2a) and 5,5-dimethyl-3-bromocyclohex-2-enone (2b) (Scheme 1). Since both of the halides afforded the dienone 3a in good yield, the more easily available chloro compound 2a was used in the subsequent preparation of 3b-e starting from the styrenes 1b-e. The crystalline dienones had the E configuration as deduced from the coupling constants of the vinylic protons of ca. 14-16 Hz seen in . The dienones 3a-e were then irradiated in dichloromethane solution with ultraviolet light using Pyrex glass vessels (Scheme 1). 
Scheme 1
The photocyclization products 4a-d were isolated in 36-53 % yield after chromatographic purification and crystallization. The fate of the two hydrogens lost in the dehydrogenation products 4 has not yet been investigated. Possibly, the yield of dehydrogenated cyclization products 4 might increase by addition of an external hydrogen acceptor such as chalcones. Interestingly, the 2',5'-dimethoxy-5,5-dimethyl-3-styrylcyclohex-2-enone (3e) could not be cyclized to the corresponding dihydrophenanthrenone 4e, probably due to steric hindrance in the transition state leading to a dihydrophenanthrenone with a methoxy group at C-5 and a carbonyl group at C-4. Similarly, a possible regioisomeric dihydrophenanthrenone with a methoxy group at C-5 was not formed during the irradiation of 3c, probably for the same steric reasons. Also, the unprotected phenols, corresponding to the methyl ethers 3a-e, did not undergo the cyclization reaction.
Experimental Part
General Procedures. For instrumentation and general methods see ref. 5 NMR spectra are recorded on an AMX-300 Bruker spectrometer (compounds 3) and with a AMX-200 MHz Bruker spectrometer for compounds 4.
General procedure for the Heck reaction of the styrenes 1a-e and the vinyl halides 2a or 2b A solution of the styrenes 1a-e (1 equiv.) and the β-halovinyl ketones 2a or 2b (1 equiv.) in DMF (50 mL) was treated with lithium chloride (1 equiv.), tetrabutylammonium bromide (1 equiv.), potassium carbonate (5 equiv.) and palladium acetate (0.01 equiv.). The mixture was refluxed for the times indicated in Table 1 . The suspension was then neutralized with cold 1 N HCl (50 ml) and extracted three times with dichloromethane (each 30 mL). The combined organic extracts were washed twice with brine (each 10 mL), dried (MgSO 4 ), and filtered. The solvent was removed at reduced pressure and the residue purified by flash chromatography on silica gel (dichloromethane) and crystallized from diethyl ether. Conditions and yields are listed in Table 1 . 
5,5-Dimethyl-3-[2-(4-methoxystyryl)]-cyclohex-2-enone (3d

General procedure for the photocyclizations of 3a-3e
For standard techniques see ref. 6 A solution of the dienones 3a-3d in dichloromethane (300 ml) was irradiated with UV light (medium pressure mercury lamp, Hanau, Pyrex glass vessels) at the times indicated for the individual compounds (TLC monitoring). The solvent was removed at reduced pressure and the products purified by flash chromatography on silica gel (dichloromethane) and crystallized from diethyl ether. 
